INTRODUCTION

This paper presents the new approach developed by HydroQuébec Distribution for the evaluation of the reliability of its distribution MV grid. It tackles the problems and the context which led to this need of renewal, the innovations which were necessary and their application by means of a prototype called FIORD (Fiabilité et Optimisation des Réseaux de Distribution -a French acronym for a global reliability assessment system). Finally it states the advantages of the new approach in the light of the results obtained from its use.
The FIORD prototype is inspired by a method of calculation developed by Julien Dallaire (member of Hydro-Québec
Distribution -Vice-présidence Réseau), who played the expert's role for the field of distribution systems planning [1] . Raouf Naggar made the knowledge engineering and Christian Langheit realised the knowledge-based system [2] , [3] 
, both are members of Hydro-Québec -Institut de recherche (IREQ).
Note: A French version of this paper may be obtained from the authors / Une copie française de cet article peut être obtenue auprès des auteurs.
NEW PLANNING REQUIREMENTS
The approach used for reliability assessment in distribution system planning has to evolve together with the factors which determine it: planning objectives, system complexity and capability of the analytical methods. These three determinants are presently undergoing change and invite the development of a new approach in this field.
The electricity market and the regulatory context call for a better matching of the offer of reliability with the demand and require that the suppliers report their results.
The new technologies available for system development, in particular the new information and communications technologies, make it possible to implement operations mechanisms that are more and more efficient.
The development of intelligent tools makes it more and more possible to deal, in an analytical way, with questions that one could have approached only by calling upon the judgment and experience of experts, giving planners information that would have been inaccessible otherwise.
CONTEXT MOTIVATING A NEW APPROACH
In the context of preparing recommendations for a distribution MV grid automation program, Hydro-Québec had to estimate the benefits of different scenarios of automation. It was therefore necessary to estimate the improvement of the reliability of the system at each delivery point.
The traditional approach
The evaluation of the reliability of a system by means of the generally available tools is realised in the following way:
1) The system being studied is modelled so as to represent the equipments which constitute it and their connexity.
2) A set of events, adequate for characterising the reliability, is studied: Each event activates a protection mechanism which causes an interruption of service. Following the interruption, a restoration process is engaged, allowing restoring the service at various delivery points.
3) The frequency of the events is established from their occurrence rates and the restoration times for every delivery point are established from a predefined function allowing to assess for different restoration sequences the times required to realise them.
Difficulties
This approach presented two major problems:
Given that the studied scenarios aim at modifying the restoration process, it is precisely the impact on restoration time of these new means that we wish to estimate. Given that each feeder in the system is different, the study of each scenario requires a modelling of every feeder in order to reflect the new means introduced. This modelling requires a design work in order to define exactly the location of every new equipment. This modelling exercise would be extremely long and tedious considering the number of feeders and scenarios to be studied.
These two deadlocks were at the source of the effort of innovation which led to the development of the new approach and to the realisation of the FIORD prototype. 
C C I I R R E E D D
PRINCIPLES OF THE NEW APPROACH
The following principles have guided the development of the new approach for reliability assessment in system planning:
Representation of deterministic processes in a probabilistic model. Reliability studies make it possible to analyse the behaviour of a system in a random environment.
It is important to make the difference between what is deterministic and what is probabilistic in a system and in the environment where it evolves. A good probabilistic model must represent the deterministic phenomena explicitly and represent by probabilities only the random phenomena that follow well defined probability laws, the parameters of which can be obtained by reliable statistics. Therefore, it's better to use a complex but rigorous model with simple and well accepted data than to use a simple model with debatable data because of the complex phenomena which they try to represent.
Global evaluation. The evaluation of the impact on reliability resulting from generic actions applied to the various subsystems of a global system is obtained by a specific application of these actions to each subsystem. This specific application, itself, is the result of a choice made according to the particularities of each subsystem. A better global evaluation will be obtained if each of these choices is made in an explicit manner.
Therefore, a global assessment should result from the analysis of the individual assessments which it aggregates and not of a preliminary simplification based on an estimation of the impact of the studied actions.
In order to facilitate respecting these principles, the new approach developed by Hydro-Québec uses intelligent tools allowing, on one hand, to simulate the behaviour of the various systems involved in the studied process, and on the other hand, to support the analysis and planning process.
The avoided costs expected form a better targeting of the planned actions are major with regard to the costs of the required tools.
PROTOTYPE DEVELOPED BY HYDRO-QUÉBEC DISTRIBUTION
The FIORD prototype [4] was developed by Hydro-Québec's Research Institute (IREQ) in order to supply the necessary evaluations for the justification of the automation program. This prototype is designed as an intelligent tool based on knowledge engineering [5] .
It simulates in detail the Outage/Restoration process, in order to finely estimate the impact of scenarios presenting various combinations of triggering events, technologies and resources.
It applies generic scenarios to a set of feeders, allowing the user to perform a regional study without modifying each feeder individually.
Simulation of the Outage / Restoration process
The Outage/Restoration process is presented in Figure 1 . This process is composed of a chain of phenomena and activities. A phenomenon (rectangle) represents a change resulting from the reaction of the system to an event, whereas an activity (ellipse) represents a change resulting from actions performed by operations resources. The formalism used for knowledge modelling is freely inspired by the MKSM method [6] developed by J.L. Ermine et al.
Figure 1 -The Outage / Restoration process
The simulation of this process [7] makes it possible to evaluate the restoration time for each delivery point following the occurrence of a given outage.
This simulation is a sequence of actions and reactions which starts with the triggering event and finishes when service has been restored to the last interrupted customer. So, the event at the origin of the outage triggers a chain reaction of the Fault propagation, Fault marking, Protection and Transmission of information processes. Starting from this situation, the operator carries out the Analysis, Decision making and Intervention activities. The result of these actions is the transition of the system into a new state (Repair, Isolation, Restoration) and/or the acquisition of new information. This new situation is the start of a new cycle of operations activities, and so on.
This complex process may lead to very different restoration times according to involved technologies and operating strategies.
Knowledge based system. The aim of the simulation approach is that the definition of the system's behaviour is explicit for the user, in order to enable him to control all aspects of the simulation and to make sure that the most pertinent behaviours are correctly modelled.
This knowledge is defined explicitly in a knowledge base (also called an Ontology) which makes it possible to define, in a generic way, the set of concepts used for system modelling and to apply them, in a specific way, to each scenario for a given subsystem. An inference engine makes it possible to use this knowledge in order to simulate the Outage / Restoration process and to describe in detail the restoration sequence, as illustrated on Figure 2 . Distribution System Representation. Three types of knowledge are required for system representation: the knowledge of the available technologies for protection, monitoring, communications, control, etc.; the knowledge of the system analysis model to which these various technologies will be attached; and the knowledge of the studied scenario where the analysis model is specialised by selecting the desired specific technologies.
Operations Representation. Operations representation also requires three types of knowledge: the knowledge of the rules allowing to deduct new information through the analysis of raw information together with system knowledge; the knowledge of the intervention strategy defining the possible actions and the criteria used for decision-making; and the knowledge of the intervention resources so that intervention time may be estimated, as well as the expected results.
Information Systems Representation. The representation of the information systems requires two types of knowledge: the knowledge of the information structure used in the analysis activity, in connection with the means used for its acquisition and communication; and the knowledge of the accessibility of this information to the various actors in every stage of the process.
Specific application of generic scenarios
In order to support the analysis and planning process, the tool allows reproducing and comparing quickly on a large-scale generic design schemes proposed by the users.
Specification and evaluation of a feeder. The evaluation of the reliability of a feeder of the distribution system requires: the specification of the used technologies and their location for this particular feeder; the specification of the intervention strategy and of the intervention resources with associated intervention times; and the specification of the occurrence rates of the triggering events of the process, according to their location. The calculation of reliability results requires the simulation of the Outage / Restoration process for every triggering event and the compilation of the obtained results according to the probability of these events.
Specification of a design scheme.
A design scheme is a generic way to specify the used technologies and their location. In the FIORD prototype, this specification involves the following aspects: the selected technologies, their quantity and the allowed options for their location. In practice, it is a question of replacing certain technologies in the existing system by new technologies available in a limited quantity.
Application of the design schemes. The application of the design schemes to each feeder of the system may be realised by an enumeration of all the possible combinations of locations or by an application of various heuristics. The selected configuration for the feeder is the one which allows maximising the attainment of the specified decision criteria. The FIORD prototype uses the combinations enumeration method and the criteria aiming at obtaining the best reliability.
APPLICATION AT HYDRO-QUÉBEC DISTRIBUTION Beyond present possibilities
The FIORD prototype was used in defining Hydro-Québec's orientations for the automation of the distribution systemHorizon 2002-2012 [8] : The simulations were based on historical service continuity data (years 2000 & 2001); Simulations were realized for each of 2700 feeders of the Hydro-Québec's distribution system; For every feeder, nine scenarios of various technologies were analyzed (from the addition of protection without remote control to complete automation); Every scenario was the object of an optimization of the location of proposed equipments according to the particular characteristics of the feeder under consideration.
Such a study would have been impossible with the available reliability assessment tools: 24300 individual studies would have been necessary with present software and the restoration time for a delivery point would not have taken into account the particularities of each scenario.
Performed activities
The prototype FIORD supplied precious inputs to each of the activities performed in order to produce the of automation plan for Hydro-Québec's distribution system. Design schemes. In the light of these comparisons, different design schemes were elaborated. The application of these schemes to the various feeders made it possible to identify the best scheme for each of them and to establish correlations between the efficiency of these schemes and certain characteristics of feeders. Elaboration of the scenarios. This knowledge finally allowed elaborating the scenarios by allocating to every feeder the most appropriate design scheme considering the studied technologies.
C C I I R R E E D D
Reliability Assessment. Reliability assessment allowed to establish the improvement in reliability associated to every feeder according to the studied scenarios. Besides the evaluation of the traditional reliability indicators, the results made it possible to compare the various scenarios with respect to: Outage costs calculated according to different hypotheses; Probability distribution of the outages according to their duration ( Figure 3) ; Probability distribution of the customers according to their level of reliability, etc. Finally the implementation program of the automation plan was elaborated so as to obtain the maximum reliability improvements the soonest possible.
DEVELOPMENT PERSPECTIVES
In order to be complete, this new approach has to go beyond the strict framework developed in the prototype FIORD.
On one hand, it is necessary to apply the same principles to the study of the processes upstream of the outage, to be better able to study the impact of different actions on the frequency of the events causing the outages. This applies especially to the environment of the system and to its maintenance. The specification of the design schemes will thus have to integrate these types of actions.
On the other hand, it is necessary that the principles of the approach apply to the planning of reliability and not only to its evaluation. The experiment realised at Hydro-Québec Distribution highlighted the need to integrate into the tool features that allow to consider several design schemes for the same feeder and to handle directly the costs of the scenarios (investment, operation, social) in order to enable the tool to optimise the design choices and the implementation program.
CONCLUSION
Because it made easily accessible, evaluations which are necessary for the planning process and were out of reach using traditional tools, the new global approach developed for FIORD is a breakthrough in the field of distribution systems reliability assessment.
Hydro-Québec Distribution -Vice-présidence Réseau -has the intention of integrating FIORD into the reliability assessment software of its partner CYME International in 2005. Furthermore, this approach is a part of its longer term vision to update its technical and scientific applications [9] . In this perspective, the new approach will cover the whole process of distribution system reliability planning. Beyond restoration time, it will deal with the occurrence of the events, the impact of maintenance and the economic aspects of reliability.
